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Outline

% Introduction
* Previous Work

* Model/Data

% Quadrupole Estimators

% Results/Systematics

* Luminous Red

% Summary

Galaxies (LRG) vs CMB Results
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INntroduction

% Statistical Isotropy (Sl) -
variance of perturbations
IS direction-independent

% Standard Cosmology

* Template for analysis
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INntroduction

% Statistical Anisotropy (SA) - variance of perturbations
varies with direction

* Nonstandard Cosmology - many possible sources

Statistical Isotropy Quadrupolar Asymmetry

Berkeley Cosmology Seminar: Oct 5, 2010

4




Previous \Work

% Searches for Statistical Anisotropy in the CMB

% Quadrupole/Octopole Alignment - behaves like
globally random anisotropy

% Dipole Asymmetry - not significant when
marginalized over choice of dipole cutoff

% Quadrupolar Anisotropy - alignment with ecliptic
suggests systematic effect, e.g. beam asymmetry
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Complement CMB
probes of Si

Probe anisotropy at
low redshift

Transcend limits of
CMB foregrounds

®
dshift z




Model/Data

§(k)o* (k)Y = (27)°8p(k — K P(k
(0(k)o™(k')) = (2m)°dp( )P (k) S
Isotropic
(5(k)5* (K')) = (2m)*6p (k — k) P(K)
% gaussian
g _ anisotropic
P(k) = P(k) |1+ > grm(k) Ry (k)
isotropically S § LM g
averaged \
: . real-valued
multipolar anisotrop

spherical harmonics
moment
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Model/Data

% Our model: scale-invariant quadrupolar anisotropy
with linear bias

P, (k) = b>P(k)

2
1+ Z QZMRQM(R)
M=—2

P(k) = P(k)

% First-order correction (only even L allowed)

* Motivated by Ackerman, Carroll, Wise (ACW)
iInflation model - Ackerman et al. 2007
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Model/Data

* Angular power spectra used in anisotropy estimate

% Luminous red galaxies (LRGs) used as tracers

% 8 photometric z-slices with Az = 0.05
* 1.4 million pixels, 12 sgr arcmin each

% Prior spectra calculated using fiducial values
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Quadrupole Estimators

Project ), (x)to z-slice and find covariance

5,(7) = / Axf ()8 (x = X)

Co(, )[s1 = Cy(0)

el
- Z o Cy.1 P (cosB)
Lk

angular power spectrum
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Quadrupole Estimators

Cy(,A')[sa = Z > 92m Fg i Xy Rim (B) Rir (8)

gamr 70 W= — 2¢lpliorad
generalized angular 3 harmonic couplings
power spectrum Cg,i
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Quadrupole Estimators

* Goal: Estimate ' ; and g2, at all redshift slices
18

* Parameters: C, and go GO
(Th

% Estimator:p = F'q N,
s g C=N O,

Parameter Fisher| | Quad =1

vector matrix| |vector

* Noise: Poissonian (1/nga))
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Quadrupole Estimators

%* Monte Carlo simulations to test estimator

% 50 simulations of 9, ;,,,for z-slice z00 (z=[0.2,0.25])

% Test with SI; gan =0,V M
* Test with SA: use go9 = 0.5

* Noise: C" = 1/ng. ~ 6.7
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Quadrupole Estimators
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Results/Systematics
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Results/Systematics
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* Incompatible with zero

| [%* Varies with redshift
1 [% Fix with modulation
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Results/Systematics

o.5;— — o.5§—
e R e zo.o;{{}}{fg}

Zmeon Zmean

c,,Eoo—_{_-l[-l[-l[ t {}-1[

3.590

Zmeon Zmean

* Compatible with zero
* Needs nonzero ha s
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Results/Systematics

Minimum Variance Estimator

O.2§ : ]l : :
BISIE £ _g
S et Fai ol
-0.1F :
-0.2E _ _ |
= T 0 5 =
M
% Error estimates from N-body

simulations

* |Includes z-slice covariances and
nongaussianity effects

* (s v Were also calculated
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| RG vs CMB Results

% Groeneboom et al. investigate ACW model using
WMAP

P(k) = P(k)[1 + g.(k - 8)’]

=

amplitude preferred axis
i 8_7Tg Rons (D) Not directly
s invertible
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| RG vs CMB Results

LRG

*

% Construct estimator for g

i 15 > e lC™ e Gan Ropg (1)
S > v O v Ropg () Ry ()

% Must choose a preferred direction for estimator
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| RG vs CMB Results

A

1l

CMB LRG

WMAP W band | g-™P

R R ge e

WMAP YV band | g. ™"

(1,b) = (94°,27°)

= 0.29 £0.031 ¢-R“ =0.006 + 0.036

= 0.14 + 0.034 ¢-*“ = 0.007 &+ 0.037

Asymmetry in direction of the Ecliptic
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| RG vs CMB Results

* WMAP result could be due to beam asymmetries

% Hanson and Lewis show effect could produce
result; disputed by Groeneboom et al.

* WMAP team hopes to complete full simulation of
beam asymmetry effect

% Already accounted for in power spectrum
estimator
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| RG vs CMB Results

* Can different values for g2 be due to k-variance?

* Variance with number of e-folds: g2 o< Ink

* Calculate k.4 that makes k-invariant estimator correct
% ker: 0.020 Mpc! (CMB), 0.15 Mpc™ (LRG)

* Differ by 2 e-folds; too small for 100x difference
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| RG vs CMB Results

% Construct Bayesian estimator with n marginalized

1 32 % 8T A
[,(g*) = /exp{—2 Z [C 1]MM’ [92M = 1—59*R2M(n)]
MM’
: 8 ; .
X [921\4' i %Q*RQM’(H)] } d*i

* Assume uniform priors

% 68% C.L.: —0.12 < g. < +0.10
% 95% C.L.: —041 < g, < -+0.38
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Summary

% We searched for SA in the galaxy distribution
* We found no evidence for SA in the LRG sample

* This confirms the WMAP anisotropy is not of
primordial origin

* We constrain —0.41 < g, < +0.38 with 95%
confidence

* Looking ahead: future surveys (BigBOSS) may be able
to constrain g. another order of magnitude
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